The oil and gas industry relies on information and communications technology to meet its business objectives. The industry recognizes that to manage modern oil and gas production, it will be essential to gather comprehensive information on various surface devices, oil wells and pipelines. Through the use of the new technologies such as smart sensors and simulation modelling, change has been brought to the oilfields. The Society of Petroleum Engineers commented in a recent position paper: "Over the next decade the way in which we understand our reservoirs, identify development options, manage and optimize our oil wells, facilities and associated production, will all change radically".
Digital information can help optimize oil production operations and maximize oil recovery rates. Providing oilfield operators and managers with real-time operation information on their oil wells and associated equipment will facilitate distributed problem solving and decision making and enhance real time operating efficiency and recovery. The consequential improvement in oil recovery rates, together with improved health, safety and environmental performance, will help the oil and gas industry continue to meet the demands of the world's energy consumers.
With the vast majority of industry wells lacking a continuous, reliable measure of well/reservoir performance, the challenges are: how do we monitor oil well and reservoir performance and how do we measure the recovery rate for our wells? The oil industry has traditionally used discontinuous well testing to determine well performance and oil recovery rate. Well testing is time consuming and not cost efficient. A more serious problem is that the quality and accuracy of well tests are often unsatisfactory as wells are tested once per month and it is assumed that for the rest of days in the month the wells produce the same. It cannot be true in the real situation. Multiphase flow measurement is in the heart of the challenges. Almost no wells deliver a clean, measurable, single-phase stream, and it is impractical to install multi-phase flow meters on all oil wells. The data-driven approach of measuring the multiphase flowrate has been proven to be robust, usable and sustainable in the oil and gas production environment. This feature produced by China University of Petroleum, aims to help us understand the state-of-art in the measurements of oilfields.
Oil production in oil fields is a typical geographically distributed industrial process involving a wide range of surface devices and the complex reservoirs under the earth. Monitoring and control of the oil production process has been strategically challenging the oil industries for decades. The first article was produced by Zhen Hua Sun and Xuemin Tian and reviews the history of the evolution of the automation in oil fields, which has been categorized as three stages: computerized oil field, digital oil field and smart oil field. The computerized oil field was initiated when the SCADA was introduced into the oil field and mainly for local data collection. Digital oil field occurred with the massive application of the Internet. Data was transmitted through TCP/IP communication channel to a remote site. Smart oil field or intelligent oil field, came about when the latest artificial intelligence technologies become more mature and practical. The latest trends in the development of SCADA in oil fields occur mainly for overcoming the bottleneck problem in SCADA, i.e. local and remote data communication. The new approaches include low earth satellites for long distance communication, mobile data acquisition and wireless communication.
The flow produced from oil wells is a mixture of crude oil, gas, water and sediments and is a multi-phase flow. The water-content-in-oil is used to measure the oil field production rate for all of operation's wells. Unfortunately the water-content-in-oil is hard to be directly measured as the operational environment of oil wells is complex and not completely known. Using technologies such as remote sensors and soft sensors to estimate the water-content-in-oil in the mixture might be a promising way to get a real-time measurement of production rate for the oil field industries. The second article produced by Bo-Kai Xia and Ying-chun Bo, set up an experimental rig and used the temperature of the mixture of water, oil and sediments, capacitance and salinity analyzed result to predict the water-content-in-oil. The range of the water-content-in-oil from 0% to 100% has been divided into five zones: low, mid-low, middle, mid-high, and high. Three radial basis functions based on a genetic algorithm (GA-RBF) and neural network models are developed to predict the water-content-in-oil in the ranges of low, middle and high. This represents the three categories: water-in-oil, phase transition state and oil-in-water. These three categories are mapping to the five zones and a high accurate soft sensor for watercontent-in-oil has been achieved. There are a number of technologies deployed in this implementation, which include data novelization, multiple neural network models and adaptive compensation. The experimental results show that the GA-RBF models are effective and reliable, and the mean absolute error of the water-content-in-oil is less than 1.31% in the range from 0 to 100%.
The third article, jointly produced by China University of Petroleum, Cranfield University and Endress+Hauser, focusses on gas-liquid two phase flowrate measurement. Established wet gas metering techniques are typically based on differential pressure devices and their measurement accuracy remains unsatisfactory to the natural gas industry. Coriolis Mass Flowmeter (CMF) is one of the most advanced flow measurement technologies available and can provide mass flowrate and density output simultaneously. The third article starts with the identification of the problems and advantages of using CMF in gas-liquid two-phase flow metering, then follows with a series of experiments carried out to investigate the feasibility of using CMF as wet gas meter. Experimental results show that CMF can work properly in wet gas metering conditions and the repeatability test of CMF is perfect and the relationship between the true mass flowrate and CMF readings are almost linear. When a gas flowrate is kept at a constant, CMF can follow the variations of liquid flowrate accurately. Finally this article concludes that using CMF in wet gas metering can provide a practical and highly accurate solution for the natural gas industry.
